Kingdonia uniflora, an alpine herb, has an extremely narrow distribution and 30 represents a model for studying evolutionary mechanisms of species that have 31 adapted to undisturbed environments for evolutionary long periods of time. We 32 assembled a 1,004.7-Mb draft genome (encoding 43,301 genes) and investigated 33 the evolutionary history of K. uniflora, along with mechanisms related to its 34 endangered status. Phylogenomic analyses based on 497 single copy genes 35 confirmed the sister relationship between K. uniflora and Circaeaster agrestis, 36 which were estimated to have diverged around 52 Mya. Proliferation of LTR 37 retrotransposons in K. uniflora is estimated to occur around 2.7 Mya, coinciding 38 with one recent uplift of the Hengduan Mountains between the late Miocene and 39 late Pliocene. Across 12 species of monocots, early-diverging eudicots and core 40 eudicots, K. uniflora showed significant overrepresentation in gene families 41 associated with DNA repair and underrepresentation in gene families associated 42 with stress response. Most of the plastid ndh genes were found to be lost not only 43 in the plastome but also in the nuclear genome of K. uniflora. During the 44 evolutionary process, the overrepresentation of gene families involved in DNA 45 repair could help asexual K. uniflora reduce the accumulation of deleterious 46 mutations, while at the same time, reducing genetic diversity which is important 47 in responding to environment fluctuations. The underrepresentation of gene 48 families related to stress response and functional loss of ndh genes could be due 49 to lack or loss of ability to respond to environmental changes caused by 50 long-term adaptation to a relatively stable ecological environment.
Introduction
Habitat destruction caused by changing climate and human activities has driven 59 numerous plant species to endangered status (Yang et al., 2018) . Recently there has 60 been a push to establish natural reserves to reduce the chance of extinction in 61 vulnerable species. Nevertheless, as generally recognized, there is a need to apply 62 genomics in conservation, employing genomic analyses to preserve plant diversity 63 (Shafer et al., 2015) . Genomics provides new opportunities for a detailed 64 understanding of genetic diversity across the genome and the process involved in 65 generating or losing this diversity (Windig and Engelsma, 2011) , which provides aid 66 to those making crucial policy decisions for conservation (Garner et al., 2016) . 67 Plant lineages vary widely in their geographic distributions due to numerous factors, 68 among which one crucial factor is adaptive capacity to respond to environmental 69 changes. Lineages maintaining a small distribution are likely to possess low 70 adaptive capacity to respond to geological and climatic changes at large scales, as 71 well as habitat changes at small scales. For example, some asexual lineages, 72 generating genetically and phenotypically identical individuals, are limited in their 73 capacity to respond quickly to environmental fluctuation due to low genetic diversity, 74 which can lead to a status of endangerment or even extinction (Bell and Collins, 2008) . 75 In addition, species living in an equable environment for long periods might lack or 76 lose the ability to defend against rapidly fluctuating environmental stress. Once the 77 habitat is altered or destroyed, these species are incapable of colonizing new habitats. 78 Shrinking habitats and low adaptive ability to new environments together lead some 79 plants to endangered status. 80 Kingdonia uniflora Balf. f. and W.W. Sm. (Circaeasteraceae, Ranunculales), an 81 alpine herb (diploid, 2n=18) has a very narrow distribution ( Figure S1 ). The habitat of 82 K. uniflora represents an ecological environment of primeval forest with few 83 disturbances. Specifically, K. uniflora is restricted to growing in high altitudes 84 (~2800-4000 m), cold, damp climates with deep humus, and usually under species of 85 Abies. Kingdonia uniflora and Circaeaster agrestis Maxim. together constitute the 86 4 early-diverging eudicot family Circaeasteraceae (Ranunculales) (APG IV, 2016). 87 Previous estimates showed K. uniflora diverged from C. agrestis around 52 Mya 88 (Ruiz-Sanchez et al., 2012); although no fossil record is known for K. uniflora, fossil 89 fruits similar to those of C. agrestis have been reported from the mid-Albian of rely on a highly specialized habitat. 98 A previous study (Sun et al., 2017) found rampant loss and pseudogenization of ndh 99 genes in the Kingdonia uniflora plastome. The possibility of the transfer of the lost 100 plastid segments to the nuclear genome at that time could not be determined. In the 101 present study, we provide a de novo genome sequence of K. uniflora using both 102 Illumina and Pacbio sequencing technologies. We aim to investigate the evolutionary 103 history of K. uniflora and reveal the potential mechanisms of its evolutionary 104 specialization.
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Genome assembly and annotation 108 Genome size estimation using flow cytometry suggested a haploid genome size of 109 1150 Mb for K. uniflora ( Figure S3 ), while k-mer statistics indicated a similar genome 110 size of 1170 Mb, with very low heterozygosity ( Figure S4 , Table S1 ). In the present 111 study, we generated 236 Gb of Illumina reads and 106 Gb Pacbio reads (Table S2) . A 112 total assembly of 1,004.7 Mb (representing~86% of the estimated genome size), 113 consisting of 2,932 scaffolds (scaffold N50 length, 2.09 Mb; longest scaffold, 11.5 114 Mb) was achieved (Table 1) . A total of 43,301 protein-coding genes were predicted 115 5 (Table 1) , among which 35,953 genes (83.03%) were functionally annotated (Table   116   S3 ). In addition to protein-coding genes, various noncoding RNA sequences were 117 identified and annotated (Table S4), including 1,124 transfer RNAs, 715 ribosomal   118 RNAs, 125 microRNAs, and 1,751 small nuclear RNAs. The completeness of gene 119 regions assessed by BUSCO (Benchmarking Universal Single Copy Orthologs) 120 showed that 90.6% of the green plant single-copy orthologs were complete (Table   121   S5 ). 122 We compared the draft genome of Kingdonia uniflora with the well-annotated 123 genomes of the model plant Arabidopsis thaliana (Brassicaceae) and the 124 Ranunculales species Aquilegia coerulea (Ranunculaceae). The genome size of K. 125 uniflora is much larger than that of both references. The K. uniflora genome showed 126 strong synteny with the genome of Aq. coerulea (Figure 1 ), but weak synteny with 127 that of A. thaliana ( Figure S5 ), which is not surprising given their placement in the 128 angiosperm tree of life. The gene density in K. uniflora is lower than that in Aq. 129 coerulea and A. thaliana; while the density of TEs (transposable elements) in K. 130 uniflora was higher than that in Aq. coerulea and A. thaliana (Figures 1 and S5 ). 131 We also compared our draft genome sequence to five other draft genomes of 132 Ranunculales taxa, representing three of the seven Ranunculales families that have 133 reported genome sequences available ( elements occupied 5.0% and 3.0% of the genome, respectively (Table S7 ). The 145 proliferation of LTR retrotransposons in K. uniflora was estimated to peak around 2.7 146 Mya ( Figure 2A ). Analyses of age distributions built from synonymous substitutions 147 per synonymous site (Ks) indicated that K. uniflora has undergone one recent WGD 148 event, which occurred after its divergence from C. agrestis ( Figure 2B ). The inferred 149 WGD event in the K. uniflora genome was further supported by dot-plot analysis of 150 representative scaffolds, in which numerous paralogs derived from this event were 151 identified ( Figure 2C ). that are significantly (P<0.01) overrepresented in K. uniflora and 22 gene families 174 that are significantly underrepresented (Table S8) 192 Species that live in stable habitats face less stress, which can cause lack or loss of 193 ability to respond to environmental changes. In the present study, we de novo 194 assembled the genome of K. uniflora, an ancient relictual species exclusively found in 195 China. Given that K. uniflora has a larger genome than many of its close relatives, we 196 hypothesize that the proliferation of LTR retrotransposons and the WGD event (Table S10) Figure 4 
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